Arterial stiffening is an independent predictor of cardiovascular risk and target organ 49 damage such as left ventricular hypertrophy, myocardial infarction, renal failure, 50 retinopathy and vascular dementia. 1 Several factors, such as smoking, metabolic 51 disease, adiposity and physical inactivity, are reported to accelerate vascular 52 stiffening. 2, 3, 4, 5, 6, 7 Many of these factors are inter-related with inactivity predisposing 53 to adiposity, low-grade inflammation, metabolic disarray and arterial damage. 3,7,8,9,10 54 In contrast, when subjects spend more time being vigorously active during 55 adolescence they have less arterial stiffness in adulthood and the observed benefits are 56 related to changes in blood pressure, body composition, cardiorespiratory fitness and 57 their metabolic profile. 6 Consequently activity levels are considered of key 58 importance in maintaining metabolic and arterial health. 59
However, many studies examining the impact of physical activity on arterial stiffness 60 have used subjective questionnaires to quantify activity patterns with few studies 61 adopting more objective methods such as accelerometry. 2, 3, 5, 6, 10, 11, 12 In addition many 62 of these studies have focused on subjects in different age/gender groups and in 63 patients with established metabolic risk factors. 10,11,13 64 Therefore, the aim of the present experiment was to simultaneously evaluate the 65 association between activity levels and arterial wall changes in clinically healthy, 66 middle-aged subjects, using objective methods. In order to further explore the 67 complex relationship between physical activity, arterial wall properties and obesity, 68 we investigated if the interrelationship of activity levels and arterial changes were 69 correlated with adiposity associated anthropometric, metabolic, hormonal and 70 inflammatory markers. Seventy-nine (51 male & 28 female) subjects were recruited from the general 74 population via poster advertisements in the local community within a 5 km radius of 75 the hospital where all the study protocols were performed. The study was approved by 76 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The aortic augmentation index (AIx), a measure of wave reflection and surrogate 104 marker of arterial stiffness, was calculated from pressure waveform measurements 105 recorded from the radial artery using a previously validated method (Sphygmacor, 106 AtCor Medical, Australia). 4,14 Central aortic systolic and diastolic blood pressure was 107 calculated from the radial artery waveform using a previously validated transfer 108 function (Sphygmacor, AtCor Medical, Australia). 14 The sphygmacor software 109 automatically generates an "operator index" as an indication of quality control. The 110 operator index is based on the pulse wave height/shape variation over ten successive 111 cardiac cycles. In the present experiment, the mean of three values with an operator 112 index ≥90% were used. 113
114

Pulse wave velocity 115
Pulse wave velocity, a direct measure of carotid-femoral arterial stiffness, was 116 calculated from simultaneous recordings of the carotid and femoral pressure 117 waveform using a previously validated semi-automated method (Vicorder, Skidmore 118 Medical, U.K.). 15 Briefly, two pressure sensitive transducer cuffs were fixed to the 119 subject's neck and leg, recording the time delay (Td; ms -1 ) between the carotid and 120 femoral pulse waveforms using the foot-to-foot method. 15 The distance between the 121 The non-specific markers of systemic inflammation, hsCRP and WCC, were also 158 within normal ranges. 159
160
Age was strongly correlated with both AIx (r=0.52; P<0.0001) and PWV (r=0.49; 161 P<0.0001). In addition, body fat composition was strongly correlated with AIx 162 (r=0.55; P<0.0001) and 24-hour ambulatory diastolic blood pressure was associated 163 with PWV (r=0.25; P<0.05). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The main findings of the study were that subjects who spend more time being 201 sedentary have stiffer arteries and more body fat. Conversely, subjects that spend 202 more time being active have less arterial stiffness and lower body fat. Unsurprisingly, 203 in this healthy population, age remained the strongest predictor of arterial stiffness. 204
However, body fat composition and postprandial insulin remained independent 205 predictors of AIx indicating the presence of a disease continuum whereby physical 206 inactivity and adiposity augment early vascular changes. 207 208 Our findings are similar with previous studies using objective methods to quantify 209 daily physical activity. 3, 10, 11 Previous studies report that carotid β-stiffness in 210 postmenopausal women is inversely correlated with time spent participating in low 211 intensity (<4 MET) physical activity. 23 In addition, further studies report that older 212 subjects, especially those with low cardiorespiratory fitness, that spend more time 213 being lightly active (<3 METs) have less arterial stiffness, lower body fat, lower 214 blood pressure and lower fasting glucose. 24 More recent research reports that physical 215 activity is an independent predictor of arterial stiffness in hypertensive adults with 216 varying degrees of metabolic disarray. 10 217 218
In the present study, females had significantly higher AIx compared to males despite 219 no differences in age, heart rate and PWV were observed. Gender differences in AIx 220 are mainly attributable to differences in height. In shorter individuals, the pulse wave 221 Physical activity and exercise can directly benefit arterial stiffness and prevent 231 premature arterial ageing via its effect on blood pressure and heart rate. 26, 27 Blood 232 pressure is one of the major determinants of arterial stiffness. Exercise induced 233 changes in microvascular structure and function can directly affect systolic and 234 diastolic blood pressure, thereby improving arterial stiffness. 28, 29 Increased heart rate 235 negatively affects arterial stiffness via the viscoelastic effects of heart rate on the 236 arterial wall. 30 Increased heart rate is also associated with increased sympathetic 237 outflow, which is known to stiffen large and medium sized vessels. 31 In the present 238 study, no significant association was observed between 24-hour ambulatory or central 239 aortic blood pressure and physical activity and no association was observed between 240 physical activity and heart rate. These data suggest that the relationship between 241 physical activity, or lack thereof, and arterial stiffness was not mediated by the direct 242 effect of activity on the vasculature. 243 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Activity induced changes in body fat composition can benefit arterial stiffness via 251 modification of inflammatory, metabolic and adipose related humoral factors. 6, 13, 33 252 253 Non-specific systemic inflammatory markers, such as hsCRP and WCC, and adipose 254 associated inflammatory markers, such as interleukin-6 (IL6), tumour necrosis factor 255 alpha (TNFα) and monocyte chemoattractant protein 1 (MCP-1), are associated with 256 increased adiposity, premature vascular ageing and arterial stiffness. 5, 9, 34 In the 257 present study, although the adipocytokines were not measured, hsCRP and WCC were 258 clinically normal and not associated with any of the activity parameters or indices of 259 arterial stiffness. These results suggest that abnormal immune responses were 260
probably not related to the activity related changes in arterial stiffness. 261
262
In the present study, all subjects had normal OGTT responses yet postprandial insulin 263 was inversely associated with time spent being moderately & vigorously active and 264 independently associated with arterial stiffness. These results suggest that the 265 relationship between physical activity, arterial stiffness and adiposity may be 266 mediated via the deleterious affects of adiposity on endocrine function and glycaemic 267 homeostasis. In support of this, previous studies have consistently reported the 268 In summary, the major findings of the present study were that time spent being 279 sedentary and time spent participating in moderate and vigorous activity was 280 associated with increased and decreased arterial stiffness and body fat. This is the first 281 study demonstrate the relationship between habitual physical activity and arterial wall 282 changes in healthy, middle-aged, life-long non-smoking subjects. Furthermore, the 283 results also indicate that adiposity and hyperinsulinaemia may be responsible for the 284 increased arterial stiffness in less active subjects. Future studies are needed to explore 285 the protective effect of physical activity and premature arterial stiffening or whether 286 weight loss alone is sufficient to actuate beneficial changes. 287
288
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